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We reviewed data of biometric ocular components in 2006 survey of myopia conducted in Taiwan on prematurely born 108 schoolchildren to find the trend of ocular development and possible factors to change the ocular development in Taiwan. The refractive status was measured with an autorefractometer under cycloplegia. Lens thickness (LT), anterior chamber depth (ACD), and axial length (AL) were measured with biometric ultrasound. The results showed that AL of myopic group prominently increased with age from 7 years to 18 years. However, hyperopic and emmetropic eyes showed slight increase with age. The crystalline lens became thinner between the ages of 7 years and 11 years. Subsequent increases in the LT correlated with age and the stability of myopia. This phenomenon was found not only in myopic eyes but also in emmetropic and hyperopic eyes. The changes of ACD inversely correlated with changes of the lens. Among the school-age children, the ratio of lens/AL was found to be approximately 0.147 for emmetropes. However, the ratio was found to increase with age. The ratio of anterior segment (AS)/AL was found to be approximately 0.3 for emmetropic eyes among all age groups and less than 0.3 for the myopic eyes of schoolchildren. The refractive status of preterm children was probably decided by a complex combination among various components, usually with shorter ACD and thicker crystalline lens depending on how the ratio of each component matches. In addition, we found that the ratios of AS/AL (approximately 0.308), LT/AL (0.158), ACD/AL (0.151) were the possible ratios for the development of emmetropic eye in preterm children. During school age, the AL and ACD increased with the severity of myopia, in contrast, the LT decreased. After the age of 20 years, the ACD decreased with aging and the LT increased with aging. Lens thinning appeared to be compensatory in nature with respect to the increased AL of normal eye growth. Myopic excessive eye growth induces the lens to compensate by becoming much thinner. We found that the ratios of components of preterm children were not following the normal ocular growth, mainly because of the underdevelopment of the AS. The change of the ACD also inversely corresponded with the LT. ª 2011, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
Normally, ocular structures go through continuous development and remodeling before and after birth. Refractive errors are considered to be consequences of mismatch of ocular parameters. In normal visual development, the refractive errors tend to drift naturally toward emmetropia. This emmetropization process is seemingly dependent on normal visual experience; therefore the failure of clear visual input may result in a disturbance of emmetropization, leading to an abnormal elongation of the eyeball, and myopia [1e5]. One of the most frequently cited studies in relation to the optical components of myopia was by Stenstrom [6] . Based on correlation analysis, he concluded that axial length (AL) was the main determinant of refractive error. A moderate negative correlation was also observed between refractive error and anterior chamber depth (ACD), with myopes having deeper anterior cambers. These data have been subsequently reanalyzed many times by other workers. Van Alphen [7] undertook more extensive analyses of Stenstrom's data and derived partial and multiple correlation coefficients. He depicted myopic eye as one with longer than normal AL and/or increased corneal curvature with a flat crystalline lens.
In our previous studies [8e11], we also showed that the AL was closely corresponded with ocular refraction. We noted that the mean AL at the age of nine was close to the values of emmetropic adult eye size in Taiwan [9] . In subsequent years, the AL increased with age and severity of myopia. We also found that ocular components may change considerably with age and progression of myopia. The ACD became slightly deeper with increasing age. The mean lens thickness (LT) decreased from the age of 7 years to 11 or 12 years. It remained unchanged or slightly increased from 11 years to 15 years and became thicker thereafter. In contrast, no change was found in corneal radius with the increasing age or severity of myopia.
Prematurity may affect normal development or remodeling processes of the ocular structures. The ocular component of preterm children will be another way of changing; does it follow the rule of development of eye? Therefore, it is interesting and necessary to understand the meaning of ocular component changes especially anterior segment (AS) of eye during ocular development.
Emmetropization (normal ocular growth) and Myopization (excessive ocular growth)

Axial length
A study of ocular components of emmetropic eye in school children was performed in two elementary schools and one junior high school in Taipei city [12] . The mean AL starts from 22.8 mm of boys and 22.48 mm of girls at the age of 7 years to 23.27 mm and 22.94 mm at the age of 15 years respectively. The mean AL of boys (23.34 AE 0.84 mm) is longer than that of girls (22.88 AE 0.76 mm). The mean AL of emmetropic eye of school children of senior high school (age between 16 years and 18 years) was studied in two senior high schools in Taipei city [13] . The mean AL of boys (23.92 AE 0.75 mm) is also longer than that of girls (23.11 AE 0.72 mm).
In our previous study [14] , we divided the ocular refraction of survey 2006 into three groups: hyperopia (greater than or equal to þ0.5 D), emmetropia (þ0.25 D to À0.25 D) and myopia (less than À0.25 D). The AL of the myopic group showed prominent increase with age from 7 years to 18 years. However, the hyperopic and emmetropic eyes showed slight increase with age ( Fig. 1 ).
Anterior segment
There was no significant difference in the corneal curvature found among the three groups ( Fig. 2) .
Beside, we found that myopic eyes have deeper ACD than emmetropic and hyperopic eyes in all age groups. All the three groups showed increased ACD from the age of 7 years to 11 years and then remained relatively stable. Both myopia and emmetropia showed more prominent changes than hyperopia (Fig. 3 ). The LT of all the three groups decreased from the age of 7 years to 11 years and subsequently increased with age. Both myopia and emmetropia showed more prominent changes than hyperopia. The LT of myopic eyes was found to be the least of the three groups ( Fig. 4 ).
We believe that this thinning of the lens is compensatory with respect to the increasing AL during normal eye development. The lens is a major optical component to compensate for axial elongation. For persons with emmetropia, the lens was reduced in its thickness and power, increasing the focal length, in relation to the increasing AL. This is supported by the longitudinal study by Zadnik et al [15] , who showed evidence for the crystalline lens thinning in children and proposed a passive mechanism of coordinated ocular growth. Ocular axis elongates with the thinning of the crystalline lens and flattening of the cornea, which leads to emmetropia in children between the ages 8 years and 10 years. However, Mutti et al [16] suggested that the thinning and flattening of the crystalline lens is mechanically induced by the equatorial growth of the eye during childhood. We also found that most of the myopic groups showed lens thinning from the age of 7 years to 11 years, followed by thickening with age, and no obvious difference was found between the myopic groups. In persons with myopia, who have excess axial elongation, thus lens decreased its power and thickness further to compensate. Because a relationship was noted among the ACD, LT, and AL, we examined the ratio of each ocular component to the AL and the relationship of the ratio with ocular refraction and age. Table 1 shows the mean ocular components ratios for the different refractive groups. The mean ratio of LT/AL in school children was approximately 0.147 for emmetropes, 0.152 for hyperopes, and 0.139 for myopes. The mean ratio of ACD/AL in school children was approximately 0.1537 for emmetropes, 0.1542 for hyperopes, and 0.152 for myopes. Nevertheless, the mean ratio of AS/AL was approximately 0.301 for emmetropes, 0.305 for hyperopes, and 0.292 for myopes.
We found that all the ratios were highest in hyperopic eyes and lowest in myopic eyes. The mean ratio of LT/AL in emmetropic eyes was 0.147 and ACD/AL was 0.153 in emmetropic eyes for school children. We also compared the emmetropic eye data of adults [11] with that of younger school children. We found that the LT/AL ratio increased with age, whereas the ACD/AL ratio decreased with age (Table 2 ). However, the AS/AL ratio was constant with age, approximately equaling 0.3 (Table 3) .
A major question that requires further exploration is how to predict the onset and progression of myopia [17] . The AL/corneal radius ratios have shown to be approximately three for emmetropes and significantly greater than three for myopes [18] . Mutti et al have suggested that the difference in the rates of change of axial and lenticular components may act as longitudinal predictors of the onset of myopia [19] . In our study, we found that the mean ratio of LT/AL in school children was approximately 0.147 for emmetropes, 0.152 for hyperopes, and 0.139 for myopes. The mean ratio of ACD/AL in school children was approximately 0.1537 for emmetropes, 0.1542 for hyperopes, and 0.152 for myopes, whereas the mean ratio of AS/AL was approximately 0.3 for emmetropes. Therefore, it appears that the ACD varied inversely with the LT to maintain the ratio of AS to AL. Beside, we noted that the LT/AL ratio increased with age, whereas the ACD/AL ratio decreased with age in adult eyes. At the same time, the AS/AL ratio remained approximately 0.3 in emmetropic eyes among all the age groups.
Furthermore, a LT/AL ratio less than 0.147 or an AS/AL less than 0.3 may serve as predictive factors for myopia. If the LT/AL less than 0.147 was used to test the refractive status of right eyes among all students, the detection rate of myopia is 77.7%. If the AS/AL less than 0.3 was used as a probe, myopia is found with frequency 71.8%. Whether these ratios will serve as predictive factors for myopia production or progression need to be further studied.
Abnormal Ocular Development
Abnormal ocular developments related to preterm included retinopathy of prematurity (ROP), great refractive error [20e26], strabismus [27e29], cataract, optic atrophy, cerebral visual impairment, color vision deficits, reduced contrast sensitivity, and visual field defects [30] . Among them, refractive error is particularly common and may potentially cause visual problem. One of the main features of abnormal refractive status in this group of children is the tendency of myopic shift. It has been shown that the prevalence of myopia in prematurity is negatively correlated with birth weight and gestational age and positively correlated with increasing severity of ROP [21, 25, 31] . Majima [32] and Hibino et al [33] also reported that at least some ROPafflicted children had myopia secondary to a combination of increased LT, decreased ACD, and increased AL. Beside, other refractive errors may occur such as hyperopia, astigmatism, and anisometropia. In fact, children with preterm birth tend to develop all kinds of refractive error rather than just myopia [34] .
In our previous study [35] , 7 to 9 years old children with preterm birth history, born between January 1, 1999 and December 30, 2001, in National Taiwan University Hospital, were selected for this retrospective cohort study. The inclusion criteria were: (1) being born at post-conception age less than 35 weeks or with birth weight less than 1,500 g and (2) having complete medical records and ophthalmic records available. Patients were excluded if they were unable to communicate or have ophthalmological examinations done because of cognitive defect. Overall, 172 patients met the above criteria. Of these children, 108 patients agreed to be enrolled in this study and received complete ophthalmological examinations. Totally, 60 eyes (56%) had no ROP whereas 48 eyes (44%) had documented ROP, including 11 eyes in Stage I, 8 eyes in Stage II, 27 eyes in Stage III, and 2 eyes beyond Stage III.
In this study, we found that preterm children born had diverse refractive status compared with age-matched control. High myopia was mainly related to severe ROP. The refractive status showed an average spherical equivalent of À1.02 D. There were 51 cases of myopia, 32 cases of emmetropia, and 25 cases of hyperopia. No significant difference was found in birth week and birth weight among these three groups. Most of the children (76%) with ROP equal to or more than Stage III presented with myopia. Beside, we found that the corneal curvature was steeper, ACD was shallower, and LT was greater in the children with birth prematurity. Emmetropic eyes appeared to have a slightly deeper ACD (3.46 mm) and thinner LT (3.62 mm). Absolutely, AL was the longest in the myopia group (23.39 mm) followed by the emmetropia group (21.93 mm) and hyperopia group (22.98 mm). Data of these three components were mostly closer to normal control in emmetropic eyes than in the other two groups. It also showed a flatter curvature (7.83 mm in the horizontal curvature diameter and 7.61 mm in the vertical curvature diameter) in the emmetropia group than in the other two groups. But, no significant difference was found among the three groups.
Although AL showed an increase from hyperopia to emmetropia then to myopia; however, this slight increase of AL in the myopia group could not explain the high refractive error in the group. We also noted that the LT was significantly greater in all the three refractive groups than in the age-matched school children. Myopic eyes had thicker lens (3.76 mm) than emmetropic (3.62 mm) and hyperopic (3.61 mm) eyes. Relatively shallow ACD was also found in both myopic (3.29 mm) and hyperopic (3.44 mm) groups. Compared with the control, myopic eyes showed significantly shallower ACD than the age-matched controls, but the average AL was longer. During normal eye development, we believe that thinning of the lens and increasing of the ACD are compensatory with respect to increasing AL.
For the preterm children, the development of AS might stop growth, thus the lens retains its thickness and power, which cannot compensate with the increasing AL, leading to a decrease in the focal length, resulting in myopia. Usually, the change in ACD appears to be inversely correlated with the changes of the lens, myopic eyes have deeper ACD than emmetropic and hyperopic eyes among school children. However, the myopic eye of preterm children was because of thicker lens and longer AL. Thus, ACD became shallower to correlate the change in AS. Although slight shallower ACD (3.44 mm) and thicker lens (3.61 mm) were noted in hyperopic eyes, these changes were not so prominent. Thus, these might not compensate well the shorter AL (21.93 mm) and lead to hyperopia.
It thus appears that no single optical component may be significant enough to explain the diverse refractive status in preterm children. O'Connor et al [26] have studied the refractive state in children aged 10e12 years with a birth weight less than 1,701 g and found a significantly shorter AL. In our study, statistically shorter AL was noted only in hyperopic eyes. Based on previous reports and our observation, we believe that refractive errors were probably decided by a complex interplay among various components, with shorter ACD and thicker crystalline lens as common conditions. Past studies have shown that preterm infants may develop the so-called myopia of prematurity secondary to arrested development of the AS. It is independent of the ROP status and characterized by a low AL to power ratio, a shallow anterior chamber, and a thicker lens [36] .
According to our previous study [14] , there was a relationship among ACD, LT, and AL; thus, we examined the ratio of each ocular component to the AL and the relationship of the ratios in preterm and ROP children.
We found that the ratio of AS/AL of both preterm and ROP girls was slightly higher than the controls; however, it was lower in ROP boys. Because AS/AL equal to 0.3 was emmetropic eye, less than 0.3 was myopic eye in our previous study [14] the AS/AL ratio greater than 0.3 should be a hyperopic eye, which means the AL was slightly shorter (underdeveloped) among all the preterm children. But, the ratio of LT/AL of both groups was slightly higher than the controls, especially in girls. It means that preterm will let the crystalline lens retain its thickness and delay the effect of compensation by following the AL elongation. The ACD/ AL ratio of both preterm and ROP children was similar to that of the age-matched controls, either boys or girls. It means that the ACD of the preterm children seems normally developed following the growth of eyeball. Furthermore, the ROP cases delayed the development of the crystalline lensand the ACD became thinner to compensate the LT to maintain the ratio between AS and AL. In brief, AS was underdeveloped in the preterm children. Usually, the ocular refraction of the preterm children without ROP could mostly develop to emmetropia. We found that the refractive status (À0.01 D), ACD (3.46 mm), LT (3.64 mm), and AL (22.84 mm) of non-ROP children were all close to the data of emmetropic eyes in the preterm children group. We thought that some data of non-ROP might affect the results of Table 4 . Therefore, we divided the preterm children into two groups: non-ROP and ROP (Table 5 ). We found the ratio of AS/AL of non-ROP group was higher than controls, which means a short axial development. However, the LT/AL ratio of non-ROP was slightly higher and the ACD/AL ratio was slightly lower than controls, which means that the crystalline lens was slightly undeveloped and retained its thickness and that the ACD also slightly compensated shallower with the lens, resulting in emmetropia. For those cases with ROP, we found that the refractive status (À2.28 D), ACD (3.27 mm), LT (3.75 mm), and AL (23.07 mm) were also close to the data of myopic eyes in the preterm group. The ratio of AS/AL was slightly higher than controls, which means almost normal axial development. In contrast, the LT/AL ratio was quite higher and the ACD/AL ratio was quite lower than controls, which means the crystalline lens was moderately undeveloped, but the ACD compensates shallower with the lens, which will lead to more myopia.
When compared with the biometric data of normal development children from two other studies [37, 38] , we find that the data of non-ROP children in our study was closer to the normal development data of 6-year-old children ( Table 6 ). The data of ROP children were also closer to the normal development data of 3-year-old children, the only difference being longer AL (23.07 mm > 21.6 mm). It is very clear that preterm, especially with ROP, will result in the underdevelopment of the AS and the overgrowth of the AL.
We also would like to understand the difference between the severities of ROP, thus we divided the ROP cases into two groups: mild-ROP and advanced-ROP (Table 7) . We found that the mild-ROP group has a slightly deeper ACD (3.49 mm) and a slightly thicker crystalline lens (3.56 mm), and almost normal AL (23.00 mm) that led to emmetropic eyes (refractive status À0.20 D). However, it was a very shallower ACD (3.12 mm), very thicker crystalline lens (3.87 mm), and slightly longer AL (23.11 mm) in the advanced-ROP group. Thus, the cases of mild-ROP almost showed emmetropia because of slightly thicker lens and mild ACD compensation. But the lens showed prominent thickness and compensated with shallower ACD, leading to more myopic refraction in the advanced-ROP group. The ratio of AS/AL in mild-ROP and advanced-ROP was similar to the controls. Children with mild-ROP showed almost normal value of each component ratio with the controls. But the ratio of LT/AL in children with advanced-ROP was higher than in controls; the ACD/AL ratio compensates the decrease to match the almost equal ratio of the AS/AL to controls.
In our previous study [14] , we found that the mean ratio of LT/AL in school children was approximately 0.147 for emmetropes, 0.152 for hyperopes, and 0.139 for myopes, and the mean ratio of ACD/AL in school children was approximately 0.1537 for emmetropes, 0.1542 for hyperopes, and 0.152 for myopes. The mean ratio of AS/AL was approximately 0.3 for emmetropes. Therefore, we also recalculated the data of ocular components of the preterm children (Table 8 ). We found that the AL in emmetropic eyes of the preterm children was underdeveloped (AS/AL ratio Z 0.308); but, for myopic eyes (AS/AL ratio 0.301 comparable with the ratio of emmetropic eye in controls), it looks normal with controls. The ocular refraction becomes myopic mainly because of the increased LT (LT/AL ratio 0.161 > 0.147 of controls) and shallower ACD (ACD/AL ratio 0.141 < 0.154 of controls). In the emmetropic eye in preterm children, the LT was not prominently thick (LT/AL ratio 0.158) and the ACD compensated by shallow of the depth (ACD/AL ratio 0.151). The AL was slightly shorter (AS/AL ratio 0.308), which led to the emmetropic eye. In contrast, the value of AS/AL was very high (0.321) in hyperopic eyes, which means the AL was very short. Beside, the LT retained its thickness for compensating the short AL; however, the ACD did not compensate the shallowness, and it led to hyperopic eye.
In conclusion, our study confirmed that there was increased incidence of myopia following preterm birth, but the were other refractive errors that also can be developed. Refractive status of the preterm children was probably decided by a complex combination among various components, usually with shorter ACD and thicker crystalline lens; and depends on how the ratio of each component matches. In this study, we also tried to use ratios of ocular components to evaluate the possible refractive error for these preterm children. We found that the ratios of components of preterm children were not following the normal ocular growth, mainly because of the underdeveloped AS. Beside, we found that the AS/AL 0.308, LT/AL 0.158, and ACD/AL 0.151 were the reasonable ratios for the development of emmetropic eye in the preterm children.
We also noted that LT significantly decreased with age from 7 years to 11 years, but increased with age after 12 years among the school children. Age was the most important factor for increasing LT. Therefore, we suggest that these AS conditions may influence the optical components in school age and thereafter.
